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Abstract 
Due to its location near the Venice Lagoon and the Adriatic Sea, as well anthropogenic pressure, the Venetian inland 
is a densely populated area undergoing salinization processes of soil and groundwater. This strongly affects the 
economical and social development of the area, in particular agricultural and touristic activities, and the weathering 
of building materials in urban settlements. This research aims at assessing the present degree of subsoil and 
groundwater salinization, and identifying critical conditions in relation to economic activities such as agriculture and 
tourism. 
 
© 2012 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Organizing and Scientific Committee of WRI 14 - 2013 
 
Keywords: groundwater; salinization; geochemical-isotopic analyses; geoelectrical soundings; Venice coastal plain  
1. Introduction 
Saltwater contamination of groundwater systems is a widespread phenomenon typical of coastal areas 
that leads to a deterioration of the quality of fresh groundwater resources. Venice coastlands have 
experienced significant saltwater contamination of the phreatic aquifer, coastal erosion, hydrodynamic 
changes and relative sea level rise processes due to natural and man-induced factors [1-2]. The presence 
of paleorivers, lagoon paleochannels, reclaimed land, rivers that are artificially suspended above the 
surrounding land by dikes, and the disappearance of coastal dunes contribute to the intrusion of brackish 
and saline water towards the mainland. In 2004 the use of duly integrated geophysical and geochemical 
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approaches conferred a multidisciplinary character to the research, allowing a more comprehensive 
identification and circumscription of salt contamination and a better understanding of the process 
dynamics. An overview of the major achievements obtained from hydrogeological studies across the 
coastal Venetian province is here presented. 
1.1. Geology  
The research focuses on the coastal area between the cities of Chioggia and Cavallino, subdivided in 
three sectors (Fig.1). The northern one includes the territory between the Piave and Sile rivers, an area 
with a total extension of about 157 km2. The central area, called “First Industrial Area”, belongs to the 
industrial site of Porto Marghera and consists in a triangular shaped peninsula of about 120 hectares. The 
third southern sector, limited by the Adige River to the south, extends about 20 km inside the coastal 
plain and is crossed by two important rivers, Brenta and Bacchiglione, flowing NW-SE.  
 
Fig. 1 Venice Lagoon Mainland: overview of the study area and measurement points location in the northern, central 
and southern sector. 
 
An agricultural economy prevails in the northern and southern area, while a dominant industrial 
activity characterizes the central one. Sandy and silty soils characterize the remnants of ancient fluvial 
and beach ridges, while clayey silts, often rich in organic matter, fill the inter-distributary lowlands. Peat 
layers, instead, occur in the reclaimed marshy areas. Subsidence, due to human activities and natural 
processes, affects the areas (mainly the northern and southern one) and contributes to increase the 
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1.2. Methodology 
The combined use of adequately validated geophysical and geochemical tools led to the improvement 
of salt-water intrusion phenomenon knowledge. A total number of 61 piezometers, distributed 21 in the 
northern sector, 14 in the central one and 25 in the southern, driven at depth ranging between 6 and 25 m, 
were used during several field surveys performed between 2003 and 2008 in different times of the year. 
Water table level, Electrical Conductivity (EC), pH, temperature and dissolved oxygen were measured in 
the field. Major and trace elements and isotopic composition have been determined in laboratory using 
ion chromatography, atomic absorption, inductively coupled plasma source-atomic emission 
spectroscopy, potentiometer and mass spectrometer, respectively. Electrical tomography (ERT) and 
Vertical Electrical Soundings (VES) have been performed all over the areas and compared with selected 
existing geophysical data dating back to the seventies to verify possible saline contamination changes 
with time. The collected resistivity data have been calibrated according to the available geological, 
geomorphologic and stratigraphic information and to the ground water electrical conductivity (EC) values 
measured in the nearby piezometers [3-5]. 
2. Result and discussion 
Focusing on the results obtained from the geochemical and isotopic analyses on selected water 
samples, it is possible to identify three different hydrofacies (Fig.2a): a) chloride–alkaline waters, 
enriched in Cl- and Na+, defined mainly as brackish or salt water according to the chloride content, typical 
of lagoon and marine water; b) bicarbonate-alkaline waters, with high levels of Ca2+ and HCO3-, 
belonging to the groundwater flow or to fresh continental waters (e.g. rivers); c) mixing waters deriving 
from the previous ones [5-6]. The relationship between the two stable isotopes δ18O and δ2H show 
samples aligned along the global (GMWL) or the North Italy meteoric water lines (NIMWL). According 
with the distribution of sampling point at disposal (Fig.2b), the stable isotope analyses performed allows 
to distinguish fresh water of alpine origin in deep artesian well, fresh water affected by rainfalls and 
rivers, mixing water characterized by marine and lagoon values and the presence of evaporation 
process[6].  
In particular, in the northern sector the geochemical analyses show a progressive enrichment in 
chloride content near the Piave river, in connection with old lagoon channels and paleochannels and in the 
coastal zone away from sand dunes, where the effects of fresh water lenses is not able to compete the 
salinization effects. The lower Cl- content, instead, is registered near the Sile River (Fig.2a). In the central 
area, the water chemistry evolves from a calcium water type in the shallow aquifer, to a sodium-potassic 
water type in the first confined aquifer. In the southern sector (Chioggia), the obtained chemical 
hydrofacies are NaCl for the more mineralised waters and CaHCO3 for the less mineralised ones. The Cl- 
vs Br--Cl- correlation suggests the existence of a chemical evolution from continental fresh-water and 
formation water towards seawater. 
3. Conclusion 
The integration of geochemical-isotopic results with the geophysical data collected all over the 
territory, validated by geomorphological and stratigraphic information, shows the extent and depth (first 
25-30 m depth) reached by saltwater contamination [7]. 
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Fig. 2.The chemical hydrofacies (a) and the isotopic characterization (b) for the water samples collected in the 
northern sector (GMWL = global meteroric water line; NIMWL = North Italy meteoric water line). 
In detail, geophysical analysis (ERT, VES) and conductivity logs performed together with water table 
elevation measurements, geochemical and isotopic groundwater analyses, allows to conceive a 
groundwater discharge model within the territory. The saltwater intrusion from both the sea and the 
lagoon is widespread throughout the territory and determines an increase of Cl- and δ18O/δ2H values near 
the coastal zone. On one hand, the electrical conductivity and the content of chloride and sodium 
underline the presence of fresh, brackish or saltwater. On the other hand, the ratio between the analyzed 
elements may indicate the occurrence of mixing phenomena with both the sea and superficial water. 
Afterwards, the application of stable isotopes allows clarifying the different origins of the groundwater 
and pointing out further mixing phenomena. 
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